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INTRODUCTION
Piburger See is a small soft-water lake situated at 913 m a.s.l. in a crystalline area of the Central Eastern Alps of Tyrol, Austria. The catchment area is small (2.65 km 2 ) and consists mainly of coniferous forest, alpine meadows and bare rocks (Tab. 1). Only ca 5% of the surrounding area of the lake is used for extensive agriculture (Pechlaner 1979) . The high mountains surrounding the lake strongly affect light climate and primary production of the lake (Rott 1986 ). The water retention time of the lake is about 2 years and the hydrographic balance shows the presence of a significant groundwater inflow (ca 50%, Rott 1976; Gattermayr 1981) . The lake is ice-covered from early December to April and is subject to morphogenic meromixis (Pechlaner 1979) . After a very short and usually incomplete spring circulation the thermal stability is rapidly reached, with maximum temperature at the surface in July to August (up to 24 °C, Tab. 1). The extension and duration of the autumnal overturn is strongly affected by the weather conditions, in particular by wind (Pechlaner 1979; Gattermayr 1981) .
At present Piburger See is an oligo-mesotrophic lake, but during the 1950s and 1960s it has suffered from eutrophication due to increasing use of the lake for recreational activities and application of artificial fertilizer on nearby meadows (Pechlaner 1968, Tab. 2) . The eutrophication process became evident through the increase of primary production and strong hypolimnetic oxygen depletion (Pechlaner 1979) . During the winter 1969/70, almost the whole lake became anoxic, threatening to cause massive fish death (Pechlaner 1971a) .
In 1970, a lake restoration was initiated by reducing the external nutrient loading (waste water deviation and reduction of the application of artificial fertilizers) and by increasing nutrient export through hypolimnetic water withdrawal (installation of an Olszewski tube, Psenner et al. 1984) .
The oxygen regime of the lake improved markedly and rapidly after the selective removal of the anoxic hypolimnetic water by the Olszewski tube has started (Mayrhofer 1975; Pechlaner 1979) . However, hypolimnetic oxygen saturation (Fig. 1A ) became worse again, especially during the 1980s in winter, due to a progressively reduced discharge of the tube (Psenner 1988) . The oxygen saturation levels did finally recover by the replacement of the tube in the early 1990s .
The effects of the lake restoration on nutrient concentrations and phytoplankton biovolume were delayed by approximately 2 decades with respect to the start of lake restoration (Pechlaner 1979; Rott 1983; Pipp & Rott 1995; Psenner et al. 1994 Psenner et al. , 2000 . After the installation of the Olszewski tube, even an increase in phytoplankton biomass, accompanied by a decrease in the Secchi depth (Fig. 1B) and by an increase in chlorophyll-a and total phosphorus, was observed (Fig. 2) . The period 1970 The period -1988 was characterised by a marked increase in the development of the filamentous blue green alga Oscillatoria limosa C.A. Agardh, which became the dominant algal taxon in the lake, contributing up to 40% of the annual mean of total phytoplankton biovolume in 1974 (Rott 1976 Maximum water temperature: up to 24 °C in July-August Present trophic status: oligo -oligomesotrophic (Vollenweider & Kerekes 1982) The re-oligotrophication of Piburger See began only during the late 1980s (Psenner et al. 1994; Pipp & Rott 1995) , several years after the waste-water diversion in 1970 (Psenner et al. 1984) .
Since the beginning of the 1970s, when the restoration measures were started, Piburger See has been under investigation by the University of Innsbruck. The research program included chemical analyses, which are important for the assessment of the long-term trends of water quality. The phytoplankton of the lake was regularly investigated from the late 1960s to the beginning of the 1980s, but these studies were stopped until the late 1990s. The understanding of long-term variations in the nutrient concentrations is hindered by the irregular frequency of the phytoplankton community investigations. For this reason, a new detailed study of phytoplankton of Piburger See has been carried out as part of the EU-Project REFLECT (ENV4-CT97-0453) in 1998. Since 1990: Change of the summer phytoplankton species assemblage from green/filamentous blue-green to diatoms/coccal green algae.
METHODS
During 1998, monthly samplings were carried out at the deepest point of Piburger See. On each occasion, water samples for chemical and biological analyses were taken with a Patalas-Schindler sampler every 3 meters from 0 to 24 m depth. Water temperature was measured with a thermometer inside the sampler. Chemical analyses, including measurements of oxygen concentration and saturation (Winkler's method), pH and conductivity, alkalinity (Berger's method), major ions (ion chromatography) and nutrient concentrations, were carried out in the laboratory. Concentrations of ammonium and nitrate nitrogen were determined spectrophometrically after reaction with sodium salicilate and reduction with sodium salicilate Seignette salt respectively. Soluble reactive phosphorus (SRP) was determined by spectrophotometry using the molybdate method. Total phosphorus (TP) was analysed with the same method after digestion with potassium persulphate. Soluble reactive Silica was determined by spectrophotometry after reaction with molybdate. The chlorophyll-a concentration was determined spectrophotometrically after filtration through glass fibre filters (Whatman GF/F) and extraction in acetone 90% (Jeffrey & Humphrey 1975) .
Out of the phytoplankton samples taken monthly during 1998 (preserved with acidic Lugol's solution), 11 series could be analysed qualitatively and quantitatively, while samples from June 1998 are lacking. Phytoplankton biovolume was estimated from measurements of samples counted by Utermöhl's method (1958) , using an inverted microscope Zeiss Axiovert 135 with phase contrast. At each magnification at least 100 individuals of the most frequent taxon were counted, thus ensuring a statistical error less than 20% (Lund et al. 1958) . Individual cell volumes of the different taxa were calculated approximating the cell shapes to simple geometrical bodies (Rott 1981) and applying, when possible, the same criteria used in previous studies (Rott 1983; Prader 1993 ).
RESULTS

Limnochemistry
The distribution of water temperature in Piburger See indicated two overturn periods during 1998. The spring circulation that occurred in March (Fig. 3A) was short and partial, as is typical for Piburger See (Pechlaner 1979) . The late autumn circulation was complete and more prolonged (late November to early December, Fig. 3A ). An inverse stratification occurred during winter under the ice cover, while from April to the early November a stable stratification developed, with a maximum extension of the epilimnion down to 15 m at the end of October. The highest temperature recorded at the lake surface was 21.5 °C in July. The stable temperature stratification in summer (average Schmidt stability of the whole water column from May to October = 2392 J m -2 ) led to a clear oxygen depletion in the deep water layers, with oxygen saturation values lower than 20% close to the lake sediments (Fig. 3B) . In contrast, oxygen super-saturation was recorded in the epilimnion from May to September 1998 (up to 160% at 9 m in July and August, Fig. 3B ), which is related to the phytoplankton photosynthetic activity. The thermal evolution of Piburger See influences both the temporal and spatial distributions of other physical and chemical parameters. As recorded in several European high mountain lakes (The MOLAR Water Chemistry Group 1999; Thies et al. 2000) , the conductivity of Piburger See (62-84 µS cm -1 ) appears to be affected by the snowmelt, which dilutes the solutes in the upper water layers in spring . The higher conductivity values recorded in the deep water during the stratification periods are probably due to ion release from the sediments. The effect of the snowmelt was evident also on alkalinity (median = 466 µeq l -1 ), which showed a certain decrease at the surface in early spring . The higher values recorded in the deep water during the two stratification periods (up to 630 µeq l -1 ) are due to internal abiotic and biotic alkalinity generation processes, occurring in the poorly oxygenated water near to the lake sediments (Psenner 1988; Thies 2000) .
The pH values recorded in Piburger See in 1998 ranged between 6.5 and 8.7 . The highest pH values, recorded in the epilimnion in July, were related to increased chlorophyll a concentrations, while the lowest ones were recorded in the anoxic water layers near the lake sediments.
With regard to the nutrient concentrations, nitrate (NO 3 -N, median = 77 µg l -1 ) showed relatively high values (up to 189 µg l -1 ) at the surface in late winter 1998 (Fig. 4A ). This has been recorded also in other mountain brooks and lakes Thies et al. 2000) and can be explained as a consequence of the increased release from the seasonal snow pack during early thaw . During summer nitrate concentrations were lower than ca 50 µg l -1 in the upper 9 m of the water column and near the bottom (Fig. 4A ). This feature is related to algal growth in the epilimnion and to microbial reduction processes under anoxic conditions in the hypolimnion (Fig. 3B ). Ammonia concentrations showed an inverse pattern in comparison to nitrate. Values between 400 and 1000 µg l -1 NH 4 -N were found only below 18 m depth during summer and winter stratification periods . in the upper 18 m of the lake during the whole year of 1998. The increase in TP observed in the deep water in summer (up to 34 µg l -1 at 24 m in September) was likely due to phytoplankton sedimentation as well as to decomposition processes. The high TP concentrations found in the metalimnion in late spring 1998 (Fig. 4B ) reflects the strong development of flagellated planktonic algae in these water layers, as typical for Piburger See (cf. Findenegg 1968; Rott 1983) .
Silica concentrations (median = 1490 µg l -1 ) showed in 1998 a very pronounced decrease in the epilimnion from July to November, with lowest values (ca 250 µg l -1 ) in August in the upper 6 m of the lake (Fig. 4C ). This progressive depletion of silica is likely the consequence of an intense assimilation by centric diatoms, which strongly developed in the epilimnion in mid summer 1998.
Chlorophyll-a concentrations ranged in 1998 between 3 and 13 µg l -1 and were almost uniformly distributed along the water column during the autumn mixing period (Fig. 5A) . The high values recorded in the metalimnion in late spring are related to the characteristic vertical distribution of phytoplankton in Piburger See during this period (Rott 1983; Prader 1993) . The maximum concentrations recorded in the hypolimnion in late summer and autumn were related to higher TP concentrations (Fig. 4B ) and were probably a consequence of sedimentation and light adaptation processes of phytoplankton during the summer stratification. Secchi depths varied during 1998 from 5.5 to 12 m (Fig.  5B) , with minimum and maximum values in accordance with the vertical distribution of the chlorophyll concentrations (Fig. 5A) . The annual ranges of monthly weighted averages of TP concentrations (5.2-8.6 µg l -1 P) and chlorophyll-a (1.8-6 µg l -1 ) and the monthly values of Secchi depth (5.5 -12 m) in 1998 place Piburger See within the class of oligotrophy (Vollenweider & Kerekes 1982) .
Phytoplankton species composition
The phytoplankton assemblage of Piburger See in 1998 was composed of 96 taxa, the most frequent of them are listed in table 3. Flagellated and coccal Chlorophyceae were the group most rich in species, followed by Chrysophyceae, Cyanophyceae, Dinophyceae and Cryptophyceae. All other algal groups were represented by very few taxa (Tab. 3). 52% of the taxa identified were flagellated, as typical for mountain lakes, which are ice covered for several months per year and where the motility represents an important advantage for planktonic organisms (Pechlaner 1971b; Tilzer 1972; Rott 1988) .
The phytoplankton species composition found in Piburger See in 1998 did not substantially differ from that reported in previous investigations carried out both before and since the lake restoration (Findenegg 1968; Rott 1983; Prader 1993) . Three taxa found for the first time in Piburger See occurred occasionally in the samples of 1998: Katablepharis sp. Skuja, Chrysolykos planctonicus Mack and Eutetramorus fottii (Hindák) Komárek (Tab. 3). The most important difference between the present and past phytoplankton assemblages is the observed absence of the filamentous Cyanophycea Oscillatoria limosa C. A. Agardh in all the samples taken in 1998. During the first two decades after the lake restoration (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) , this blue-green alga markedly increased in Piburger See, contributing up to 40% of the annual mean of total phytoplankton biovolume in 1974 (Rott 1976 ). This species showed meroplanktonic behaviour in Piburger See, with a complex life cycle including a planktonic stage from late winter to mid summer only (Rott 1976; Rott 1991) . After ice out Oscillatoria limosa used to grow in mid depth waters (12-15 m) at low temperature and low light intensity (Rott 1976) , forming a summer bloom from May to July (Rott 1991) . Since early August Oscillatoria limosa used to disappear from the pelagial starting the bethonic stage of its life cycle.
In 1998, several coccal Cyanophyceae, like Aphanothece clathrata W. & G. S. West, Chroococcus limneticum Lemmermann, Microcystis incerta (Lemm.) Starmach and Snowella litoralis (Häyrén) Komárek & Hindák, were clearly more abundant than the filamentous taxa, among which only Lyngbya limnetica Lemmermann was relatively common in the hypolimnion during autumn (Fig. 7D) .
Phytoplankton seasonality
All weighted averages of total phytoplankton biovolume determined from the samples taken during 1998 were lower than 1 mm 3 l -1 (Fig. 6 ), which is considered by Heinonen (1980) as threshold line between oligoand mesotrophic conditions. According to Rott (1984) , only the autumnal weighted averages fall clearly within the range of oligotrophy (biovolume <0.5 mm 3 l -1 ). The biovolumes recorded in 1998 were lower than in the past, especially in comparison to the 1970's and 1980's, when phytoplankton biomass reached very pronounced peaks in spring and early summer (up to 5 mm 3 l -1 in May 1981). The highest weighted averages of phytoplankton biovolume were recorded in winter, spring (annual maximum of ca 0.8 mm 3 l -1 in May) and mid summer (Fig. 6) , while the annual minimum occurred in late December (0.15 mm 3 l -1 ). This annual distribution of phytoplankton was very similar to that recorded in Piburger See in the past before and after the beginning of the lake restoration (Findenegg 1968; Rott 1983; Prader 1993) . Chlorophyceae, Cyanophyceae, Bacillariophyceae showed a clear seasonal evolution during 1998 (Fig. 6) , while Dinophyceae and Cryptophyceae were less abundant but more homogeneously distributed during the year.
Under winter ice cover (Figs 6 and 7A) Chlorophyceae were accompanied by flagellated algae belonging mainly to the groups of Cryptophyceae (Cryptomonas marssonii Skuja, C. obovata Skuja and C. ovata Ehrenberg) and of Chrysophyceae (Chrysolykos planctonicus and C. skujai (Ramberg) Bourrelly. Diatoms, including Tabellaria flocculosa (Roth) Kütz-ing and some Synedra Kützing species, reached an abundance of ca 14% only in January at 3 m depth (Fig.  7A) .
The spring period (from March to May) was characterised by a clear and progressive increase of the Chrysophyceae, which reached their absolute highest abundance in May (36%, Fig. 6 ). This increase was related to the development of colonial taxa (like Dinobryon divergens Imhof, D. sociale Ehrenberg and Stichogloea doederleinii (Schmidle) Wille), of large taxa (Mallomonas crassisquama (Asmund) Fott) and finally of small but very numerous Chromulina Cienkowski species. As a characteristic during spring was also the presence of Chrysochromulina parva Lackey, the unique taxon found within the Haptophyceae (Tab. 3), which reached its maximum abundance (2.4%, included in the group "others" in Fig. 6 ) in May 1998, with ca 3.4 10 6 cells l -1 . A similar temporal distribution of these two algal groups had been highlighted in all the previous studies (Findenegg 1968; Rott 1983; Prader 1993; Ebner 1994) .
During summer 1998, the algal community of Piburger See was characterised by rapid changes from month to month. The centric diatom Cyclotella spp. (Kützing) Brébisson was clearly dominant in July (weighted mean relative abundance of 62%, Fig. 6 , and maximum abundance of 89% at 0 m, Fig. 7C ). In August, diatoms decreased in abundance (to 9%) and were replaced by Cyanophyceae belonging to the order Chroococcales (weighted mean relative abundance of 55%, Fig. 6 ), like Snowella litoralis, Aphanothece clathrata, Microcystis incerta. In September Cyanophyceae accounted to a relative abundance of only ca 10% (Fig. 6 ). The diatom bloom that occurred in July was accompanied by a pronounced decrease in the silica concentration , which was already detected in June 1998 (Fig. 4C) . The progressive decrease in phytoplankoton biovolume observed in Piburger See during autumn 1998 (September -December 1998) was due mainly to the decrease in the abundance of Cyanophyceae, Dinophyceae and Chlorophyceae. No significant changes in the species assemblage occurred during this period.
The phytoplankton of Piburger See in 1998 showed a distinct vertical distribution, which appears to be related mainly to the adaptation of the different algal groups to changes in light climate, water temperature and nutrient concentrations. The reduced light intensity during winter led to a clear maximum of phytoplankton biovolume (ca 1.3 mm 3 l -1 ) under the ice cover in January 1998 (Fig. 7A) . This maximum was due mainly to Dinophyceae (41%) and Chrysophyceae (26%). Nonmotile algae like coccal Chlorophyceae and Bacillariophyceae were more uniformly distributed along the water column in winter. The uniform vertical distribution of Cryptophyceae even in winter (mean relative abundance of 22%, Fig. 7A ) is due not only to their motility, but also to their adaptation to low light intensity (Reynolds 1997; Pipp & Rott 1995) and to their mixotrophic capability (Rohde et al. 1966; Reynolds 1997) . Because of these adaptative abilities, Cryptophyceae were the algal group in Piburger See which exhibited the least pronounced seasonal variability in species composition and biovolume (Figs 6 and 7) .
With the reduction in ice thickness since February 1998, Chrysophyceae started a progressive shift towards the deeper water layers, reaching their maximum biovolume at 9 m depth in April (0.45 mm 3 l -1 Fig. 7B ) and May 1998 (0.57 mm 3 l -1 ). This movement can be explained as a consequence of the adaptation of the algae to the darkness developed during winter under the ice cover (Pechlaner 1971b) . A spring phytoplankton maximum between 9 and 15 m due to flagellated Chrysophyceae is characteristic of Piburger See, as highlighted in all previous investigations (Findenegg 1968; Rott 1983; Prader 1993; Pipp & Rott 1995) . Dinophyceae did not show a similar vertical shift, because the most abundant taxa of this group in Piburger See, like Gymnodinium uberrimum, Peridinium willei Huitfels-Kaas and Sphaerodinium sp. Woloszyńska, show distinct phototrophic behaviour (Rott 1988) .
Water temperature displayed its determining role on phytoplankton vertical distribution especially during the summer stratification, when the phytoplankton was concentrated in the epilimnion (0-12 m, Fig. 7C ). The high abundance of Cyanophyceae recorded in July 1998 below the depth of 20 m (up to 72% at 24 m, Fig. 7C ) was due to taxa without gas vesicles, like Aphanothece clathrata and Microcystis incerta.
The scarce correspondence between phytoplankton biovolume and chlorophyll a concentration observed in July and August near the lake surface (compare Figs 5A and 7C) may be explained by a decrease in the relative chlorophyll content of the algae, in order to avoid overexcitation of the light harvesting complexes within the chlorophyll under an excessive level of irradiance (Reynolds 1997; Pipp & Rott 1995) . In a similar way the high chlorophyll concentrations recorded in the hypolimnion in late summer (Fig. 5A ) could be related to the development of filamentous blue-green algae (Fig.  7C) , which are characterised by higher content of pigments (Rott 1976) .
During the autumn overturn (late October to late November 1998) the phytoplankton of Piburger See was homogeneously distributed along the water column (Fig. 7D) . However, an effect of the phytoplankton vertical redistribution due to the ice on was detectable already in December 1998 .
DISCUSSION
The physico-chemical characteristics of Piburger See in 1998 were in accordance with the results of monitoring activities carried out at the lake during the previous decade (Psenner et al. 1994 . Conductivity and major ion concentrations reflect the geochemical characteristics of the catchment and show minor variability if compared to the past (Psenner et al. 1994) . Nutrient concentrations show more pronounced changes, which we relate both to the effects of lake restoration measures and to the long-term changes in the phytoplankton biomass (Fig. 2C) .
At Piburger See, effects of restoration measures on nutrient concentrations and phytoplankton biovolume were delayed by approximately two decades (Rott 1983; Pipp & Rott 1995) as they became evident only since the late 1980s (Fig. 2) . The increase of phytoplankton biovolume, chlorophyll a and TP concentrations, as observed after the installation of the Olszewski tube (Fig.  2) , is considered as a short-term negative effect of deep water siphoning, as it has been observed in other eutrophied lakes, where reduction of algal biovolume and TP occurred only several years after restoration measures had been undertaken (Livingstone & Schanz 1994) .
In the case of Piburger See, the delayed recovery is considered to be a consequence of a strong internal nutrient loading (Pechlaner 1979) . As documented in other lakes (Ahlgren 1977; Schindler et al. 1977) currents created by the suction of the Olszewski tube near the lake bottom may enhance nutrient regeneration from the sediment. The increased abundance of Oscillatoria limosa since 1970 was likely stimulated by the nutrient enrichment in the sediments during the eutrophication stage of Piburger See (Rott 1976 ). This effect could have contributed to the enhanced nutrient transport from sediments to the open water (Pechlaner 1979; Rott 1986) , thus reducing an efficient nutrient removal through the Olszewski tube. The extended recovery period of the lake's trophic state may also be related to the delay in reduction of the diffuse nutrient load from a septic tank of the bathing station situated on the lake shore (Psenner et al. 1984) and to the very slow decrease in the annual mean TP concentrations in the main lake inlet ( Fig. 2A) .
At present Piburger See can be considered as oligomesotrophic (Figs 1 and 2 ), according to TP and chlorophyll-a concentrations, Secchi depth (Vollenweider & Kerekes 1982) and summer phytoplankton biovolume (Heinonen 1980; Rott 1984) . The oligotrophic status is supported by some characteristics of the phytoplankton assemblage, like the development of Chrysophyceae in spring and of small Cyclotella species in summer, and the abundance of mucilage-bound, non motile colonial Chlorophyceae during the whole year (Reynolds 1997) .
Cryptophyceae, Chrysophyceae, Dinophyceae and Haptophyceae are in general more tolerant with respect to nutrient concentration and show very little change in comparison to the past (Findenegg 1968; Rott 1983; Prader 1993) . The most evident variations concern the observed disappearance of the filamentous Cyanophycean Oscillatoria limosa from the phytoplankton samples since the late 1980's and the dominance of small centric Bacillariophyceae in the epilimnion in mid summer since the beginning of the 1990's (Prader 1993; Ebner 1994) .
Several Cyclotella species (as C. radiosa, C. stelligera and C. pseudostelligera) have been regularly observed in the phytoplankton samples from Piburger See since the early investigations (Findenegg 1968; Rott 1983) . However, centric diatoms are described as scarce along the whole water column throughout the year (Rott 1983) . On the contrary, some Synedra species, belonging to the S. ulna (Nitzsch) Ehrenberg group, are reported as abundant in late winter and early spring in association to the meta-/hypolimnetic maxima of Oscillatoria limosa (Rott 1976) . A strong development of Synedra ulna is reported in the literature (Hustedt 1930) as typical of waters with high nutrient concentrations which may be derived from algal decay. During 1998, Synedra showed a relative abundance of 14% once in January at 3 m depth (Fig. 7A) , while Cyclotella was clearly dominant in the whole epilimnion in July (Fig.  7C) .
A shift from filamentous blue green algae to small centric diatoms and coccal green algae has been often observed in small eutrophicated lakes after similar restoration measures elsewhere (Hickel 1978; Steinberg & Schrimpf 1982) . However, the scarcity of phytoplankton data during the last 10 years and the high inter-annual variability of the summer phytoplankton of Piburger See (Rott 1983; Pipp & Rott 1995) do not allow stating whether the present phytoplankton assemblage represents a new stage in the ecosystem development of the lake.
Long term changes in the seasonal evolution of phytoplankton biovolume and assemblage in Piburger See might have been influenced as well by variations of local weather conditions and large scale climatic factors. Weighted monthly averages of phytoplankton biovolume, chlorophyll-a and of related variables -as total nitrogen (TN) and TP concentrations in the lake -are significantly correlated with monthly means of air temperature and precipitation measured at the meteorological station of Ötz (820 m a.s.l., located near the lake in the Ötz Valley) during the reference period 1966 to 1999 (Tab. 4). The relation between phytoplankton biomass and weather conditions is shown also by the significant correlation between monthly weighted averages of phytoplankton biovolume and monthly weighted values of water temperature (r = 0.191, n = 236) , where the latter is clearly affected by both air temperature (r = 0.904, n = 298) and amount of precipitation (r = 580, n = 298). The inverse significant correlation between TP in the lake-inlet ( Fig. 2A) and lake water temperature (r = -0.158, n = 285, Tab. 4) indicates that high lake-inlet TP concentrations are related to snowmelt periods . However, lake-inlet TP does not seem to be correlated to available climatic factors as air temperature and precipitation (Tab. 4).
In spite of these relationships, no major long-term trends have been detected for regional climatic conditions, as confirmed by the generally slight deviations of annual mean air temperature and precipitation from average values of the period 1961-1999 (Fig. 8) . On the contrary, a slight decrease in the ice-cover duration was noticed during the last two decades due to later ice on in December (Psenner et al. 1994) .
The potential impact of large-scale climatic changes was tested considering the winter values of the North Atlantic Oscillation (NAO) index in the last 30 years (Jones et al. 1997) . For a long-term data set of eighty years, Livingstone and Dokulil (2001) revealed appreciable correlations between the winter NAO index (December-March) and the monthly mean lake surface temperatures of low-lying lakes in Austria. However, we could not find a significant correlation for Piburger See between the winter NAO index and weighted averages of epilimnetic water temperature of the next spring (r = 0.030, p <0.05, n = 25). We relate this result to the strength of the regional winter climate, i.e. the regular presence of a lake ice cover from December through March, as hypothesized by Livingstone and Dokulil (2001) . Similarly, we found insignificant (p <0.05) correlations between winter NAO and spring (May through June) weighted mean values of TP (r = -0.148, n = 25), NO 3 -N (r = -0.181, n = 16), Secchi depth (r = -0.338, n= 33), chlorophyll-a (r = 0.116, n = 22) and phytoplankton biovolume (r = 0.032, n = 20). We chose to relate the winter NAO index to average values of the lake parameters measured in late spring, considering that the maximum phytoplankton biomass occur in Piburger See typically in the period from May to June (Rott 1983; Pipp & Rott 1995) .
The only significant correlation between large scale climatic trends and environmental parameters of Piburger See was observed between winter NAO and oxygen-saturation in the epilimnion (0-12 m) during spring (r = 0.405, p <0.01, n = 32). However, oxygen saturation in the epilimnion of Piburger See does not appear to be significantly affected by algal growth, expressed by chlorophyll concentration and phytoplankton biovolume (Rott 1983 ).
According to George & Taylor (1995) NAO effects on lake water chemistry and aquatic biological communities are much more pronounced in western and lowland European regions, while in mountain regions of central Europe, like the Alps, local climatic dynamics tend to prevail. The reduced influence of the large scale climatic events on local weather conditions in the Alps was confirmed by the absence of any significant correlation between winter NAO values and both mean annual air temperature and precipitation for the period , measured at the meteorological station of Ötz (820 m a.s.l.).
As no clear relation could be highlighted between either local weather condition or global climate and lake chemistry, the most likely driving factors for the changes in the phytoplankton community of Piburger See seem to be the slow but progressive decrease in the nutrient concentration that has occurred in the lake since late 1980s (Fig. 2) .
CONCLUSIONS
The difficulties experienced in the interpretation of long-term trends within the phytoplankton of Piburger See emphasises the importance of detailed and regular investigations on both physico-chemistry and biology, with particular attention to seasonal evolution of chlorophyll concentration, phytoplankton biovolume and species assemblage.
An improved understanding of phytoplankton dynamics in Piburger See will support the discrimination between inter-annual variability and long-term trends of the trophic evolution of the lake. This aspect appears to be very important, when considering the complexity of the response of Piburger See to the lake restoration measures. The regular and detailed monitoring of water quality and trophic evolution of Piburger See has also a socio-economic impact, because of its great importance to tourism in Tyrol.
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